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Abstract. We present the results of the dynamical analysis of the rich, hot, and X-ray very luminous galaxy cluster 
A2219, containing a powerful diffuse radio-halo. Our analysis is based on new redshift data for 27 galaxies in the 
cluster region, measured from spectra obtained at the TNG, with the addition of other 105 galaxies recovered 
from reduction of CFHT archive data in a cluster region of ~ 5' radius (~ 0.8 Mpc at the cluster distance) 
centered on the cD galaxy. The investigation of the dynamical status is also performed by using X-ray data stored 
in the Chandra archive. Further, valuable information comes from other bands - optical photometric, infrared, and 
radio data - which are analyzed and/or discussed, too. We find that A2219 appears as a peak in the velocity space 
at z — 0.225, and select 113 cluster members. We compute a high value for the line-of-sight velocity dispersion, 
CTy = 1438lgg^ km s"'^, consistent with the high average X-ray temperature of 10.3 keV. If dynamical equilibrium 
is assumed, the virial theorem leads to M --^ 2.8 x 10^^h~^ Mq for the global mass within the virial region. 
However, further investigation based on both optical and X-ray data shows significant signs of a young dynamical 
status. In fact, we find strong evidence for the elongation of the cluster in the SE-NW direction coupled with 
a significant velocity gradient, as well as for the presence of substructure both in optical data and X-ray data. 
Moreover, we point out the presence of several active galaxies. We discuss the results of our multi-wavelength 
investigation suggesting a complex merging scenario where the main, original structure is subject to an ongoing 
merger with few clumps aligned in a filament in the foreground oriented along an oblique direction with respect 
to the line-of-sight. Our conclusion supports the view of the connection between extended radio emission and 
merging phenomena in galaxy clusters. 

Key words. Galaxies: clusters: general - Galaxies: clusters: individual: Abell 2219 - Galaxies: distances and 
redshifts - intergalactic medium - Cosmology: observations 
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1. Introduction 

In the hierarchical scenario for large-scale-structure for- 
mation, mergers are an essential ingredient of galaxy clus- 
ter evolution (e.g.. White [TW7I Evrard & Gioia lMI^ . 

One of the most recent aspects of the merging phe- 
nomenology is the possible connection of cluster mergers 
with the presence of extended, diffuse radio sources, halos 
and relics (Feretti 1999,. Buote .2002„ Giovannini & Feretti 
I2002|) . Radio-halos are located at the cluster center, with 
typical sizes of 0.5 Mpc, regular shape, steep radio 
spectra and no significant polarization; while relics are lo- 
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cated in peripheral regions of the clusters, with irregular 
shape and generally highly polarized spectra (e.g., Feretti 
& Giovannini lT^ Giovannini & Feretti 12002) • The syn- 
chrotron radio emission of halos and relics demonstrates 
the existence of large scale cluster magnetic fields, of the 
order of 0.1-1 /xG, and of widespread relativistic parti- 
cles of energy density 10"" - 10"" erg cm ^. Although 
the properties of halos and relics are not well understood, 
several suggestions for the mechanism transferring energy 
to the relativistic electrons have been made (e.g., Ensslin 

Cluster mergers were suggested to provide the large 
amount of energy necessary for electron re-acceleration 
and magnetic field amplification (Feretti 119991 Feretti 
120021 Sarazin 12002) • However, the precise radio-halo for- 
mation scenario is still debated (e.g., Ensslin & Rottgering 
I2002p . In fact, the diffuse radio sources are quite uncom- 
mon and only recently we can study these phenomena on 
the basis of a sufficient statistics (~ 30 clusters up to 
z ~ 0.3, e.g., Giovannini et al. 119991 see also Giovannini 

& Feretti 12002 • 

Presently, growing evidence of connection between dif- 
fuse emission and cluster merging is based on X-ray data 
(e.g., Bohringer & Schuecker '5002 Buote|2002- Studies 
based on a large number of clusters have found a signif- 
icant relation between the radio and the X-ray surface 
brightness (Govoni et al. "20011 and connections between 
the presence of radio-halos/relics and irregular and bi- 
modal X-ray surface brightness distribution (Schuecker 
et al. 12001) • However, we are far from understanding the 
whole picture. Unfortunately, to date optical data is lack- 
ing or poorly exploited. Sparse literature concerns some 
few individual clusters (e.g., CoUess & Dunnil996? Gomez 
et al.lM)0 Barrena et al.|200i Mercurio et al.|2003|. 

Optical data are a powerful way to investigate the pres- 
ence and the dynamics of cluster mergers (e.g., Girardi & 
Biviano I2002|l . too. The spatial and kinematic analysis 
of member galaxies allow us to detect and measure the 
amount of substructure, to identify and analyze possible 
pre-merging clumps or merger remnants. This optical in- 
formation is really complementary to X-ray information 
since galaxies and ICM react on different time scales dur- 
ing a merger (see numerical simulations by Roettiger et 
al. 11997(1 . Moreover, additional information comes from 
spectral types of member galaxies, since cluster mergers 
could stimulate star formation in cluster galaxies; thus the 
spectral signatures of past activity are useful to determine 
the relevant time-scales (e.g., Bekki^OOl Terlevich et al. 

noooi- 

To investigate the connection between diffuse radio 
sources and cluster mergers, we have performed spec- 
troscopic observations at TNG and a multi-wavelength 
analysis of the Abell cluster A2219 (AbeU et al. 1989). 
This cluster shows the presence of a powerful radio-halo 
(Giovannini et al. 119991 Bacchi et al. 2003) and is a rich. 
X-ray luminous, hot cluster at moderate redshift z ~ 0.22 
- AbeU richness = 3 (Abell et al. IBM : Lx(0. 1-2.4 
keV)~5xlO^'^ h-^ erg s^^ (Ebeling et al. [l996i.l : Tx ~10 



keV (Rizza et al. ll998|l . Possible evidence of the young dy- 
namical status of A2219 comes from the ROSAT/HRI X- 
ray data analysis and strong/weak lensing features (Rizza 
et aLCnOHl Small et al. lTMHl Dahle et al. 12002- 

This paper is organized as follows. We present the new 
redshift data of A2219 in Sect. 2 and the analysis of opti- 
cal data in Sect. 3. Our analysis of recent X-ray Chandra 
archival data is shown in Sect. 4. Active galaxies are ana- 
lyzed and discussed on the basis of multi-wavelength data 
using also mid-IR and radio data in Sect. 5. Finally, in 
Sect. 6, we summarize and discuss our results suggesting 
a tentative picture of the dynamical status of A2219. 

Unless otherwise stated, we give errors at the 68% con- 
fidence level (hereafter c.l.) 

Throughout the paper, we assume a flat cosmology 
with fini — 0.3 and Oa = 0.7. For the sake of simplicity in 
rescaling we adopt a Hubble constant of 100 km s^^ h^^ 
Mpc. In this context, 1' corresponds to ~ 0.152 Mpc. 

2. Optical observations and data reduction 

Multi-object spectroscopic observations of A2219 were 
carried out at the TNG telescope in May 2003 dur- 
ing the program of proposal AOT-7 ID: 18. We used 
DOLORES/MOS with the LR-B Grism 1, yielding a dis- 
persion of 187 A/mm, and the Loral CCD of 2048 x 2048 
pixels (pixel size of 15 /xm). This combination of grating 
and detector results in dispersions of 2.8 A/pix. We have 
taken 1 MOS mask with 39 slits. We acquired two expo- 
sures of 1800.0 s each. Wavelength calibration was done 
using arc lamps before or after each exposure (Helium- 
Argon). 

Reduction of spectroscopic data was carried out with 
IRAF ^ . The signal-to-noise ratio per pixel was computed 
from the ratio between the signal at 6000 A and the rms 
noise within 4000-7000 A. The resulting average signal-to- 
noise ratio of our spectra is S/N~16. 

Radial velocities are determined using the cross- 
correlation technique (Tonry & Davis ITFT^ implemented 
in the RVSAO package (developed at the Smithsonian 
Astrophysical Observatory Telescope Data Center). Each 
spectrum is correlated against six templates for a variety 
of galaxy spectral types: E, SO, Sa, Sb, Sc, Ir (Kennicutt 
I1992|l . The template producing the highest value of TZ, i.e., 
the parameter given by RVSAO and related to the signal- 
to-noise of the correlation peak, is chosen. Moreover, all 
spectra and their best correlation functions are examined 
visually to verify the redshift determination. In some am- 
biguous cases, generally very late type galaxies, we use 
EMS AO package to confirm the estimated redshift, and 
in two cases we take the EMSAO redshift as a more reli- 
able estimate of the redshift. 

Out of the 39 spectra of objects, 9 turned out to be 
objects at 2 ~ (included alignment stars for masks), 

^ IRAF is distributed by the National Optical Astronomy 
Observatories, which are operated by the Association of 
Universities for Research in Astronomy, Inc., under cooper- 
ative agreement with the National Science Foundation. 
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while for 3 cases, with TZ <^ A, we cannot determine the 
redshift. Thus, we obtain spectra for 27 galaxies. 

We added to our data observations stored in CFHT 
archive (proposal ID: 01AF37, P.I.: J.P. Kneib): 1 MOS 
mask of one 1800 s -exposure with 155 slits. We reduced 
the spectra with the same procedure adopted for TNG 
ones. We succeeded in obtaining spectra for 111 galaxies, 
6 of which are in common with TNG galaxies. The average 
S/N of these CFHT spectra is 8. 

In order to combine our TNG data with those from 
CFHT archive, we have to check for a possible zero- 
point correction. To this aim we use the six galaxies 
with double redshift determination. This allow us to ob- 
tain a more rigorous estimate for the redshift errors since 
the nominal errors as given by the cross-correlation are 
known to be smaller than the true errors (e.g., Malamuth 
et al. nW2\ Bar delli e t al. [TUMI Ellingson & Yee ITOMI 
Quintana et al. "20001. Thus, for the six galaxies with 
double redshift determination, we fit the first determi- 
nation vs. the second one by using a straight line and 
considering errors in both coordinates (e.g.. Press et al. 
I1992|l . The fitted line agrees with the one to one re- 
lation (slope=0.996 ± 0.004, intercept=(l ± 1) x 10"^)^ 
but the small value of -probability indicates a poor 
fit, suggesting that the nominal cross-correlation errors 
are underestimated. Only when nominal errors are mul- 
tiplied by a ~ 2.3 factor the observed scatter can be ex- 
plained. Therefore, hereafter we assume that true errors 
are larger than nominal cross-correlation errors by a fac- 
tor 2.3. Slightly smaller correction factors are obtained for 
nearby clusters (e.g., Malamuth et al. llH92l Bardelli et al. 
IBMI Quintana et al. lMinji . 

Our spectroscopic catalogue consists of 132 galaxies 
sampling a cluster region of 5' around the dominant galaxy 
(no. 65), which is a cD galaxy (e.g., Allen et al. I1992|l . 

We also determined the equivalent widths (EW here- 
after) of the emission line [OH] and the absorption line US, 
which are good indicators of current and recent star forma- 
tion, respectively. Hereafter all the EW are in angstroms 
and are positive if the line is in absorption and negative if 
the line is in emission. We estimate minimum measurable 
EW as the width of a line spanning 2.8 A (our dispersion) 
in wavelength, with an intensity three times the rms noise 
in the adjacent continuum. 

A variety of spectroscopic-classification schemes are 
presented in the literature (see, e.g.. Couch et al. 119941 
Dressier et al. 119991 and refs. therein). We use a conser- 
vative approach leading to a sparse classification (45% 
of the sample, see Table We define e-type galaxies 
those showing strong active star formation as indicated 
by the presence of an [OH] line with an equivalent width 
of EW([OII])^ -15 A (e.g.. Hammer et al. 1 997. Postman 
et al. ll998|l . Out of galaxies having S/N> 10 we define a- 
type, those with strong Balmer absorption EW(H5)> 4 
A (e.g., the "post-starburst" galaxies by Couch et al. 
I1994|l . We find fourteen "active" galaxies: four of e-type 
— measured EW([OII]) in the range [-39.3,-14.3] A; ten 
of a-type — measured EW(H(5) in the range [4.0;12.4] A. 



Out of non active galaxies with S/N> 10 those (37) with 
measured EW(H(5)<3 A are classified as passive galax- 
ies (fc-type) and the remaining nine galaxies, intermedi- 
ate between a and k are classified as j-type. Non active 
galaxies do not show significant [OH] emission and only 
two a-galaxies show a very small [OH] emission (-3.5A). 

As far as photometry is concerned, we obtained expo- 
sures on a 10' X 10' unvignetted field centered on a = 
161^ 40" 22", S = 46° 42' 15" (J2000) through B and R 
Harris filters using the CCD camera mounted on the Im 
JKT telescope (at Roque de los Muchachos Observatory, 
La Palma) in July 2003. We performed several exposures 
for total integration times of 3000 and 7200 s in R and 
B band, respectively, with seeing conditions about 1.4". 
We carried out the image reduction (bias, flat and fring- 
ing corrections) using IRAF package and photometry us- 
ing AUTOMAG SExtractor procedure (Berlin & Arnouts 
I1996| ). This photometry was calibrated using Landolt's 
standard fields at the JKT and TNG telescopes and trans- 
formed into the Johnson filter system. We estimate that 
our photometric sample is complete down to R= 19.7 and 
B=21.4 within the observed field. 

We assign R magnitudes to 131 out of the 132 galax- 
ies of our spectroscopic catalogue: the only exception is 
galaxy no. 52, which is too close to a very bright star. 
Out of these 131 galaxies, 129 have assigned magnitudes 
in B band, too. We measure redshift for galaxies down to 
i? '--^ 20.5 mag, but a high level of completeness is obtained 
only for bright galaxies (^--^66% completeness for R<19.7 
mag). 

Tabled lists the velocity catalogue^ (see also Fig. P): 
identification number of each galaxy, ID (Column 1); right 
ascension and declination, a and S (J2000, Column 2); R 
magnitudes (Column 3); B-R colours (Column 4); helio- 
centric radial velocities, v = czq (in km s^^. Column 5) 
with assumed errors, Av, i.e., the nominal ones given by 
cross-correlation technique multiplied by 2.3 (Column 6); 
the code for the spectral classification SC, where "I" and 
"R" indicate mid-IR and radio emitting galaxies, respec- 
tively (see Sect. 5), (Column 7); the telescope used to ob- 
tain the spectra (Column 8, T and C indicate TNG and 
CFHT, respectively). 

3. Optical analysis 

3.1. Member selection and global properties 

According to the analysis of the redshift distribution based 
on the one-dimensional adaptive kernel technique (Pisani 
|TM3 see also Fadda et aL'sdniand Girardi et al. [TM)|l 
A2219 appears as a peak at z ^ 0.225 in redshift space 
(Fig. 131. Out of 132 galaxies with redshift, fourteen are 
foreground objects and three are background objects. In 
particular, the foreground galaxies form two peaks, one 
of six galaxies at z ~ 0.11 and one of eight galaxies at 
z ~ 0.19. 

^ The coordinates of non-galaxy objects are available upon 
request. 
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Fig. 1. R-band image of A2219 (North at top and East to left). Galaxies with successful velocity measurements are 
labeled as in Tabled Circles and boxes indicate cluster member and non member galaxies, respectively. Labels in bold 
indicate active galaxies (see text). 



In order to reject possible interloper galaxies in the 
main peak we apply the procedure of the "shifting gap- 
per" of Fadda et al. (TH^S), which combines velocity and 
position information. This procedure rejects galaxies that 
are too far in rest-frame velocity (vif — (v — v)/(H-v/c)) 
from the main body of galaxies within a fixed radial 
bin shifted along the distance from the cluster center. 
According to Fadda et al. prescriptions, we use a gap of 
1000 km s~^ and a bin of 0.4 Mpc, or large enough 
to include 15 galaxies. As for the cluster center, based 
on the two-dimensional kernel analysis, we find that the 
densest peak is centered at R.A. 16^ 40™ 20.56'' and Decl. 
+46° 42' 42.2", very close to the cD galaxy position; thus 
hereafter we assume the cD position as the cluster center 
R.A. 16*^ 40™ 19.87" and Decl. +46° 42' 41.3". The shifting 
gapper procedure rejects two galaxies as non-members. 
They are indicated by crosses in Fig. O which shows the 



velocity histogram of the 113 selected cluster members. 
In order to check the reliability of the member selection 
procedure, we also apply the method by den Hartog & 
Katgert H1996|l . Out of the initial 132 galaxies with red- 
shift we find the same 113 cluster members. 

The mean cluster velocity v — 67574+ 136 km s~^ is 
computed by using the biweight estimator (ROSTAT 
package; Beers et al. ll99Uf) . We estimate the line-of-sight 
velocity dispersion, CTv, by using the biweight estimator 
and applying the cosmological correction and the usual 
correction for velocity errors (Danese et al. . 1980)1 . We ob- 
tain CTv = 1438^gg® km s~^, where errors are obtained 
with the bootstrap technique. Assuming that the sys- 
tem is in dynamical equilibrium, the value of leads 
to a value of the radius of the collapsed, quasi-virialized 
region of i?vir R20 = ^3 o-v/[10 H(z)] ~ 2.2 /i"! 
Mpc (Carlberg et al. I1997|l and a virial mass estimate 
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Table 1. Velocity catalog of 132 spectroscopically mea- 
sured galaxies, in Column 1, IDs in italics indicate non- 
cluster galaxies. 



ID Q,5(J2000) R B-R v Av SC Tel. 
16'', +46° (km s~') 



1 


39 


54.53 


40 


16.4 


19.89 


2 


15 


67614 


223 




C 


2 


39 


55.54 


41 


01.4 


18.80 


1 


80 


68948 


117 


a 


C 


3 


39 


55.94 


42 


28.7 


17.89 


1 


11 


33327 


205 


k 


c 


4 


39 


56.69 


41 


40.4 


18.89 


2 


26 


67403 


97 




c 


5 


39 


56.76 


43 


35.4 


18.19 


2 


34 


68244 


87 


k 


c 


6 


39 


56.88 


40 


24.1 


18.33 


2 


11 


53453 


71 


k 


c 


7 


39 


59.26 


41 


42.0 


19.83 


2 


11 


69556 


248 




c 


8 


39 


59.66 


44 


24.0 


18.80 


1 


95 


67681 


85 


i 


c 


9 


40 


01.63 


41 


50.6 


19.68 


1 


62 


69022 


198 




c 


10 


40 


02.78 


44 


15.3 


19.73 


2 


14 


67205 


198 




c 


11 


40 


03.19 


41 


53.7 


18.79 


2 


19 


68023 


152 




c 


12 


40 


03.36 


43 


58.8 


18.74 


2 


43 


66980 


108 




c 


13 


40 


03.50 


41 


38.0 


19.91 


1 


70 


68235 


92 


a 


T 


14 


40 


03.70 


46 


37.5 


18.07 


2 


20 


70167 


136 


i 


c 


15 


40 


03.91 


40 


45.8 


20.07 


2 


35 


67995 


85 


k 


T 


16 


40 


04.06 


44 


05.7 


19.57 


2 


20 


67483 


145 




C 


17 


40 


04.10 


46 


45.2 


18.27 


1 


81 


69424 


244 


i 


C 


18 


40 


04.15 


40 


57.4 


19.43 


1 


09 


33073 


191 


k 


T 


19 


40 


04.39 


42 


08.6 


18.46 


2 


18 


64785 


94 




c 


20 


40 


04.92 


42 


00.2 


19.80 


1 


65 


67906 


136 




c 


21 


40 


05.93 


42 


04.0 


19.14 


1 


39 


67488 


156 




c 


22 


40 


06.19 


44 


19.5 


19.40 


2 


06 


67739 


106 




c 


23 


40 


06.46 


46 


25.9 


17.53 


1 


85 


43521 


138 


k 


c 


24 


40 


06.72 


40 


40.2 


18.21 


2 


31 


68595 


69 




c 


25 


40 


07.15 


41 


06.5 


18.53 


1 


99 


65555 


156 




c 


26 


40 


07.27 


45 


30.5 


18.92 


2 


11 


68483 


106 




c 


27 40 


08.66 


41 


42.9 


19.52 


1 


52 


57266 


163 


i 


c 


28 


40 


08.81 


43 


40.6 


18.78 


2 


37 


69612 


60 


k 


c 


29 


40 


09.12 


45 


48.7 


19.33 


1 


60 


68317 


92 




c 


30 


40 


09.14 


41 


52.5 


19.54 


2 


07 


65020 


133 




c 


31 


40 


09.17 


42 


11.3 


19.98 


2 


02 


70704 


108 




T 


32 


40 


09.46 


43 


32.8 


18.99 


1 


58 


67772 


122 


a 


c 


33 


40 


09.65 


43 


03.2 


19.86 


2 


33 


67773 


81 


k 


T 


34 


40 


10.20 


45 


32.1 


18.91 


2 


35 


70238 


143 




C 


35 


40 


10.63 


43 


22.5 


18.74 


2 


08 


70212 


83 


a 


C 


36 


40 


11.47 


42 


31.2 


19.74 


2 


18 


70824 


90 


k 


T 


37 


40 


11.52 


43 


19.8 


18.61 


2 


30 


67655 


83 


k 


C 


38 


40 


11.76 


38 


53.9 


20.06 


1 


61 


106730 


168 


e 


T 


39 


40 


12.53 


41 


59.6 


19.41 


2 


09 


66638 


62 


k 


T 


40 


40 


12.55 


45 


35.0 


20.12 


1 


97 


66657 


129 




C 


41 


40 


12.74 


41 


10.6 


18.02 


2 


11 


70175 


64 


k 


C 



Table 1. Continued. 



ID a, 3(32000) R B-R v Av SC Tel. 
16'', +46° (km s-^ ) 



42 


40 


13.10 


43 


06.2 


18.82 


1.26 


69084 


69 


a, I 


C 


43 


40 


13.18 


44 


40.5 


18.13 


2.21 


67154 


67 


i 


C 


44 


40 


13.80 


44 


50.6 


19.81 


2.13 


67068 


140 




C 


45 


40 


14.04 


41 


49.5 


17.44 


1.41 


33192 


97 


k,I 


C 


46 


40 


14.26 


43 


04.9 


18.89 


2.22 


67587 


83 




C 


47 


40 


14.35 


43 


52.9 


19.44 


1.73 


66045 


94 


k 


T 


48 


40 


14.42 


46 


14.7 


18.84 


2.13 


65166 


117 




C 


49 


40 


14.64 


43 


04.4 


19.96 


1.98 


67437 


163 




c 


50 


40 


15.70 


45 


48.6 


19.38 


2.32 


69168 


143 




c 


51 


40 


15.89 


42 


31.5 


18.54 


2.11 


68411 


85 


i,R 


c 


52 


40 


16.10 


44 


12.4 






69563 


78 


i 


c 


53 


40 


16.20 


40 


20.8 


20.21 


1.65 


68334 


110 


a 


T 


54 


40 


16.66 


46 


06.7 


19.06 


2.30 


69540 


186 




c 


55 


40 


16.68 


43 


09.4 


20.35 


2.20 


67937 


255 




c 


56 


40 


16.92 


42 


47.9 


19.98 


2.33 


68319 


90 


k 


T 


57 


40 


16.97 


39 


50.7 


20.38 


0.39 


64664 


186 




C 


58 


40 


17.18 


42 


11.3 


19.03 


1.88 


66799 


147 




C 


59 


40 


17.95 


44 


38.4 


19.81 


1.85 


67744 


108 




C 


60 


40 


18.19 


42 


36.0 


18.28 


2.70 


69246 


97 




C 


61 


40 


18.36 


40 


21.3 


17.30 


1.71 


56619 


62 


i 


c 


62 


40 


19.13 


42 


41.5 


19.24 


1.26 


68558 


168 




c 


63 


40 


19.25 


40 


08.8 


19.10 


1.24 


68590 


51 


k 


T 


64 


40 


19.39 


41 


05.5 


19.07 


2.16 


66975 


90 




C 


65 


40 


19.87 


42 


41.3 


16.19 


2.10 


67259 


71 


k 


T 


66 


40 


19.97 


38 


41.3 


18.48 


2.27 


68681 


106 




C 


67 


40 


20.38 


40 


12.5 


18.13 


1.72 


57334 


64 


k 


C 


68 


40 


20.57 


41 


48.7 


18.47 


2.35 


70232 


51 


k 


T 


69 


40 


20.70 


45 


51.7 


19.47 


2.29 


67345 


140 




C 


70 


40 


20.81 


42 


43.9 


18.69 


1.54 


66330 


74 




C 


71 


40 


21.50 


42 


39.3 


17.78 


1.98 


65490 


99 




C 


72 


40 


21.53 


40 


48.4 


18.41 


1.46 


56477 


161 


I 


C 


73 


40 


21.86 


41 


16.5 


18.36 


1.80 


55832 


90 


k 


T 


74 


40 


21.86 


43 


58.4 


18.87 


2.15 


66947 


74 


k 


T 


75 


40 


21.89 


44 


44.3 


18.44 


2.09 


64697 


60 


k 


C 


76 


40 


21.96 


46 


17.9 


19.06 


1.72 


64878 


108 


a 


C 


77 


40 


22.08 


42 


46.0 


17.42 


2.23 


62364 


99 


k,R 


C 


78 


40 


22.08 


43 


07.6 


19.67 


2.15 


67529 


97 


k 


T 


79 


40 


22.20 


45 


56.4 


19.82 


2.03 


65624 


122 


k 


T 


80 


40 


22.80 


39 


52.0 


20.61 


2.88 


64953 


173 




C 


81 


40 


22.90 


42 


17.9 


17.83 


1.64 


65516 


83 


a, I 


C 


82 


40 


23.30 


46 


33.0 


16.20 


1.45 


32860 


97 


k 


C 


83 


40 


23.40, 44 


53.0 


20.71 


1.72 


68327 


179 




T 



of M (< i?vir) - 2.8t° ? X IQi^ /i-i Mq , (Girardi et al. 
[TMHI Girardi & Mezzetti IMIT|l . 

The high value of CTv is confirmed also if we apply 
a tighter member selection (i.e., using a bin of 0.25 
Mpc in the shifting gapper): only another three galaxies 
are rejected -those with the lowest velocities- resulting in 
CTv — 1355^32 km s^^for the remaining galaxies. Moreover, 
we compute the differential and integral mean velocity and 
velocity dispersion profiles in Fig. 0] this analysis shows 



that the global values of v and are already reached 
within the central cluster region of 0.1-0.2 Mpc. The 
conclusion of the above analyses is that contamination by 
obvious field interlopers and/or close cluster companions 
cannot explain the high value of the global velocity dis- 
persion. More probably, this value is connected with the 
peculiarity of the internal dynamics of the cluster itself, 
which will be analyzed below. 
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ID Q,(5(J2000) R B-R v Av SC Tel. 
16'^, +46° (km s-^) 



Note. The velocities and nominal cross-correlation errors (in 
km sec~^) for 6 galaxies spectroscopically observed both with 
the TNG and the CFHT, respectively, are given below; 
#38 (106730±73; 106738±148); #53 (68334±48; 68227±59); 
#65 (67259±31; 67372±49); #98 (66766±46; 67074±49); 
#107 (67758±35; 67921±46); #108 (67462±49; 67529±34). 
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Fig. 2. Square root of the redshift galaxy density, as 
provided by the adaptive-kernel reconstruction method. 
Units on the y axis are arbitrary. 

3.2. Internal dynamics 

As a first step in the study of internal dynamics we analyze 
the velocity distribution. We consider three estimators of 
Gaussianity: the kurtosis; the skewness, and the scaled 
tail index (see, e.g.. Beers et al. I1991f) . We find no signif- 
icant evidence that the velocity distribution differs from 
a Gaussian. Moreover, we do not find any evidence of a 
peculiar velocity of the cD galaxy with respect to the av- 
erage velocity of cluster members (see Gebhardt & Beers 

In order to investigate the velocity field we divide 
galaxies in a low and a high-velocity samples by using 
the median cluster velocity and check the difference be- 
tween the two distributions of galaxy positions. Fig. [S] 
shows that low and high-velocity galaxies are segregated 
roughly along the E-W direction. The two distributions 
are different at the 99.6% c.l. according to the two- 
dimensional Kolmogorov-Smirnov test (hereafter 2DKS- 
test; see Fasano & Franceschini 119871 as implemented by 
Press et al. 11992(1 . In order to estimate the direction of the 
velocity gradient we perform a multiple linear regression 
fit to the observed velocities with respect to the galaxy 
positions in the plane of the sky (see also den Hartog & 
KatgertUHMI Girardi et al. lTMH|l : we find a PA= 79l2o 
degrees (measured counter-clock-wise from the North, see 
Fig.|3J). 

Moreover, we compute the mean velocity and LOS ve- 
locity dispersion separately for each one of the four sam- 
ples corresponding to the NE, SE, SW and NW cluster 
sectors. Table |5| shows that mean velocities are larger in 
the Western than in the Eastern sectors in agreement with 
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Fig. 3. Left panel: rest-frame velocities Vrf vs. projected 
cluster-centric distance r of galaxies in the main peak of 
Fig. 121 Circles indicate cluster members; crosses indicate 
the two galaxies rejected by the "shifting gapper" proce- 
dure. Right panel: histogram of rest-frame velocities of 
selected 113 cluster members. The arrow indicates the cD 
galaxy velocity. 

Table 2. Mean galaxy velocities and velocity dispersion 
(in km s^^) in four cluster sectors (see text). N indicates 
the number of member galaxies in each sector. 



Sector N 



NE 30 66712 ±272 1458lJ?^ 

SE 26 67213 ±330 1642+^'^^ 

SW 25 68007 ±288 1403 

NW 31 68128 ± 187 1018 



152 
248 
224 
161 
109 



the above analyses. As for CTv, this is largest in the SE 
sector and smallest in the NW sector: the difference is sig- 
nificant at the 98.7% c.l. according to the F-test (Press et 
al.CMa). 

To check for the presence of three-dimensional sub- 
structure we compute the A-statistics devised by Dressier 
& Schectman (1988") and establish its significance running 
1000 Monte Carlo simulations, in which we randomly shuf- 
fle galaxy velocities. The signal of substructure is signifi- 
cant at the 95% c.l.. In Fig. Elwe plot the distribution on 
the sky of all galaxies, each marked by a circle: the larger 
the circle, the larger is the deviation &i of the local pa- 
rameters from the global cluster parameters, i.e., there is 
more evidence for substructure. The most likely substruc- 



Fig. 4. Differential (big squares) and integral (small 
points) mean velocity and line-of-sight velocity disper- 
sion profiles. For the differential profiles, the results for 
four annuli from the cluster center, each of 0.2 Mpc, 
are shown. For the integral profiles, the mean and disper- 
sion at a given (projected) radius from the cluster center 
is estimated by considering all galaxies within that radius. 
The error bands at the 68% c.l. are shown. In the lower 
panel, the horizontal lines represent X-ray temperature 
with the respective errors transformed in <t^ (assuming 
/3spec = 1 where /3spoc = cr^ / {kTx / fJ-nip) , with the mean 
molecular weight, rrip the proton mass, and Tx the X-ray 
temperature). 

ture lies close to the cluster center roughly to the SE of 
the cD galaxy. 

3.3. Colour segregation and 2-D galaxy distribution 

We check for possible colour segregation of galaxies by 
using the 110 member galaxies for which we have B-R 
colours. We obtain a correlation between jv^f | and colour 
(at the 96.3% c.l.). We divide the sample in two subsam- 
ples with colours bluer and respectively redder than the 
median B-R colour=2.12. We obtain that the velocity dis- 
persions of the two subsamples differ at the 99.5% c.l. 
(ctv = 162719^ and CTv = HOO^i^l^ km s'^ for the B-R < 
2.12 and B-R > 2.12 galaxies, respectively). 

To further investigate the above difference we also use 
the colour-magnitude relation (hereafter CMR), which in- 
dicates the early-type galaxy locus, 



B -R = 2.976- 0.041 -R, 



(1) 



obtained by using a 2 sigma-clipping fitting procedure 
(see Fig. d). Blue objects are defined to be those galaxies 
at least 0.25 mag bluer in B-R than the colour of the 



8 



Boschin et al.; Internal dynamics of A2219 




Fig. 5. Spatial distribution on the sky of 113 cluster 
members. Open and solid circles indicate low-and high- 
velocity galaxies: the larger the symbol, the smaller is the 
radial velocity. The plot is centered on the cluster center 
(coincident with the cD galaxy). The solid and faint lines 
indicate the position angle of the cluster velocity gradient 
and relative errors, respectively. 
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Fig. 6. Spatial distribution on the sky of the 113 cluster 
members, each marked by a circle: the larger the circle, 
there is more evidence for substructure (according to the 
Dressier & Schectman test, see text). The plot is centered 
on the cluster center. 



Fig. 7. B-R vs. R diagram for galaxies with available 
spectroscopy: small dots and crosses denote cluster and 
field members, respectively. Large symbols denotes spec- 
troscopic classified galaxies: circles, triangles, squares, and 
stars indicate fc-, z-, a-, and e-galaxies, respectively. The 
solid line gives the best-fit CMR; the dashed lines are 
drawn at ±0.25 mag from the CMR. According to our 
working definition in Sect. 3.3 cluster members are divided 
in: blue and red galaxies (below and above the long-dashed 
line, respectively); very red galaxies lie above the solid line. 
The left-down region delimited by the dotted lines defines 
the locus of Butcher-Oemler galaxies (Sect. 5). 

CMR. These blue galaxies have typically B-R< 2, thus 
include Sa spiral galaxies and exclude elliptical galaxies 
(according to the expected typical colours). The remaining 
objects, which we define the red sample, should consist 
most of ellipticals and lenticulars. Moreover, we further 
divide red galaxies in two subsamples: very red and not- 
very red galaxies, depending on their location above or 
below the CMR. TableOlshows v and CTv estimates for blue 
and red galaxies, and separately for very and not-very red 
galaxies. We point out that the populations of very red 
and not-very red galaxies arc different. In fact, the CTv of 
not-very red galaxies is larger than the ctv of very red ones 
(at the 99.5% c.l. according to the F-test). Moreover, the 
mean velocity of not-very red galaxies is smaller than that 
of very red ones (at the 99.5% c.l. according to the means- 
test). 

We also analyze the two-dimensional spatial distribu- 
tion of galaxies. First, we consider bright cluster mem- 
bers, i.e. the sample of 80 galaxies with R< 19.7 for 
which we have a good level of spatial completeness (see 
Sect. 2). Fig. il shows the presence of two clumps in the 
cluster center which defines a SE-NW elongated structure 
(PA~ 110°): the main peak roughly coincides with the cD 
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Table 3. Mean velocities and velocity dispersions (in 
km s^^) for galaxies with different colors (see text). N 
is the number of galaxies of each type. 



Population 



N 



blue galaxies 33 67676 ± 255 14391 

red galaxies 77 67568 ± 163 14231 

{not very) red galaxies 40 66942 ± 265 16551 

(very) red galaxies 37 67969 ± 173 1032 



+172 
126 



position, and the secondary peak - at the West - traces 
the filament of high velocity galaxies well visible in Fig. ^ 
(from no. 49 to no. 28). The cD also shows an elongation 
in the SE-NW direction described by the position angle 
on the celestial sphere PA= 114 ± 3 degrees (Small et al. 

Then, to study fainter galaxies and to work with a 
much more robust statistics, we consider the B and I 
photometric data of Small et al. H1998|l and define likely 
members using the CMR. Specifically, we select 484 likely 
cluster members considering objects (I < 22, stellar index 
< 0.9) within 0.25 mag from the B - I = 5.398 - 0.115 • I. 
The top panel of Fig. |5| shows a main structure centered 
on the cD galaxy and elongated in the SE-NW direction, 
with a PA of ~ 110° for the central region (along the fil- 
ament described above) and a larger PA for the external 
region. A similar structure is also traced by the subsample 
of very red galaxies - those above the CMR (Fig.Omiddle 
panel). Instead, the distribution of not very red galaxies 
shows three main clumps aligned in the NE-SW direction 
(Fig. El bottom panel). In particular, the densest peak is 
located at about 1' South-East of the cD, in the position 
of the substructure suggested by the Dressler-Schectman 
test (Sect. 3.2). 

4. X-ray observation and analysis 

The X-ray analysis of A2219 is performed on the archival 
data of the Chandra ACIS-S observation 800072 (expo- 
sure ID #896, P.I.: J. Houck). The pointing has an expo- 
sure time of 42.8 ks. Data reduction is performed by us- 
ing the package CIAO^ (Chandra Interactive Analysis of 
Observations) on chip S3 (field of view ~ 8.5' x 8.5'). First, 
we remove events from the level 2 event list with a sta- 
tus not equal to zero and with grades one, five and seven. 
Then, we select all events with energy between 0.3 and 
10 keV. In addition, we clean bad offsets and examine the 
data filtering out bad columns and removing times when 
the count rate exceeds three standard deviations from the 
mean count rate per 3.3 s interval. We then clean S3 chip 
for flickering pixels, i.e., times where a pixel has events in 
two sequential 3.3 s intervals. The resulting exposure time 
for the reduced data is 42.3 ks. 






arcinin 



Fig. 8. Spatial distribution on the sky and relative iso- 
density contour map of 80 bright cluster (R< 19.7 galax- 
ies) , obtained with the adaptive-kernel method (cf . Pisani 
^993 1996|. The plots are centered on the cluster center. 
The 1' circle is centered on the cD galaxy. 



In Fig. El we plot an R-band image of the cluster with 
superimposed the X-ray contour levels of the Chandra im- 
age and the radio contour levels of a low-resolution VLA 
image by Bacchi et al. H2()()3|l . The elongated shape of 
the cluster is clearly visible. By using the CIAO package 
Sherpa we fit an elliptical Beta model to the X-ray photon 
distribution to quantify the departure from the spherical 
shape. The model is defined as follows: 



f{x,y)^f{r)=A/[l + {r/ro) 



2ia 



(2) 



where the radial coordinate r is defined as r(x, y) — 
[^2(1 - e)2 + r2]i/2/(i -e),X = {x- xo) cos 9 + [y ~ 
yo) sin and Y = {y — yo) cos 9 — [x — xq) sin 9. Here 
X and y are physical pixel coordinates on chip S3. The 
best fit centroid position is located 12" South-East of the 
dominant galaxy. The best fit core radius, the ellipticity 
and the position angle are = 69.7±1.3 arcsec (177±3 
h'^ kpc), e = 0.339±0.006 and PA=128.8±0.6 degrees, 
respectively. The elongated shape of the cluster is also in 
agreement with Rizza et al's H1998|l result, who found ev- 
idence of elongations and excesses in the X-ray emission 
relative to a circular model on ROSAT data (see their 
Table 7). 

In order to detect possible substructures in A2219 
we perform a wavelet analysis by running the task 
CIAO/ Wavdetect on the chip S3. The task was run on 
different scales in order to search for substructures with 
different sizes. The significance threshold'* was set at 10~^. 
The results are shown in Fig. El Thick ellipses repre- 
sent four significant substructures found by Wavdetect. 



^ see § 11.2 of the CIAO Detect Manual (soft- 
ware release version 2.2.1, available at the WWW site 



CIAO is freely available at Ihttp: / /asc. harvard. edu/ciao/| |http://cxc. harvard. edu/ciao/manuals.litmlJ 
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Fig. 9. Same as Fig. ISjbut for likely cluster members se- 
lected on the basis of the B-I CMR in the photometric 
sample of Smail et al. ifTHMI . Top panel: the 484 I<22 
galaxies. Middle and bottom panels: two subsamples cor- 
responding to very red and not very red galaxies (273 and 
211 galaxies, respectively). 



The principal one, located at R.A. 16'^ 40" 20.1'' and Decl. 
-1-46° 42' 45", is centered on the cD galaxy. There are 
two more significant peaks in the core of the cluster lo- 
cated at R.A. 16'^40'"23.1" and Decl. +46° 42' 19", and 
at R.A. 16^ 40"" 21. 6*^ and Decl. -h46°42'26", respectively. 
Finally, outside the core, we find a fourth structure at R.A. 
16^ 40" 27.7" and Decl. +A6° 41' 13", about 2' South-East 
of the dominant galaxy. The presence of a photon excess 
in this position is also evident from Fig. 1111 where we plot 
the residual map of the elliptical Beta model fit. A peak of 
positive residuals is observed at the position of the fourth 
structure. 

Passing to the spectral analysis of the cluster X-ray 
photons, we first compute a global estimate of the ICM 
temperature. The temperature is computed from the spec- 
trum of the cluster within a circular aperture of 3' radius 
around the cluster center. Fixing the absorbing galactic 
hydrogen column density at 1.75x10^° cm~^, computed 
from the HI maps by Dickey & Lockman H1H9()(I . we fit a 
Raymond-Smith ^977) spectrum using the CIAO pack- 
age Sherpa with a statistics. We find a best fitting 
temperature of Tx =10.3 ±0.3 keV, in agreement with 
previous estimates by Allen H2000|l and White H2000|l . 

To detect the possible presence of temperature gradi- 
ents in the cluster we divide the cluster in eight sectors, as 
shown in Fig. 1121 and compute the temperature in each of 
them. We find a temperature gradient from the cooler SE 
sectors to the hotter NW ones. This pattern is also con- 
firmed by a softness ratio analysis of the Chandra image. 
We define the softness ratio as SR= {S - H)/{S + H), 
where S is the number count of photons with soft energies 
in the range 0.5-2 keV, while H is the number count of 
photons with hard energies in the range 2-7 keV. Then we 
count soft and hard photons in circles with 50 pixels aper- 
ture radius sliding on a 200x200 pixels grid. Background 
photon counts are subtracted by using an ACIS back- 
ground event file by M. Markevitch. The background sub- 
tracted values of the softness ratios are plotted in Fig. 1131 
In this figure different grey levels identify regions with 
different SRs. High SR (lower temperature) regions are 
concentrated mainly in sectors 1, 2, 3 and 4, in agreement 
with the temperature map shown in Fig. 1121 

5. Active galaxies 

The star formation properties of the galaxies in our sam- 
ple are examined on the basis of the spectral classification 
introduced in Sect. 2 (see Table Out of 60 classified 
galaxies, 46 are member galaxies: 29/37 /c-galaxies, 6/9 i- 
galaxies, 1/4 e-galaxy, and 10/10 a-galaxies. The relative 
fraction of cluster a-galaxies is 22%. For different EW(H(5) 
levels we find 13% and 37% (> 5 and > 3 A, respectively). 
For comparison, Poggianti et al. H1999|l found a 21% of 
k-|-a/a-fk galaxies with EW(H(5)> 3 A and Balogh et al. 
(fl999) found a fraction a < 4% of if + A with EW(H(5)>5 
A. An open question is whether or not strong US galax- 
ies are typical of cluster environments (cf., e.g., Poggianti 
et al. il999fc with Balogh et al. il999(l since these galaxies 
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Fig. 10. R-band image of the cluster A2219 with, superimposed, the contour levels of the Chandra image (blue) and 
of a low-resolution VLA image (green) by Bacchi et al. I|2()()H|I . The red ellipses represent the structures detected by 
Wavdetect. North is at top and East to left. 



could be produced by a cluster merger fBekki [r999|l . Very 
interestingly, we find 0/14 a-galaxies in the field against 
10/46 in cluster environment. 

We check for possible spectral segregations of cluster 
galaxies, both in position and in velocity space by com- 
paring the dynamics of passive fc-galaxies with that of 
active e- plus a-galaxies. We find a larger velocity dis- 
persion in the case of active galaxies, but the difference is 
not significant. Moreover, we verify that the two subsam- 
ples do not differ in the distribution of galaxy positions 
by using the 2DKS-test. Fig. ^] shows the distribution 
of spectroscopically-classified galaxies: 4/25 and 7/21 are 
classified as active in the central and external cluster re- 
gions (within and outside 2'). As for central active galax- 



ies, three are located in the NW filament of high veloc- 
ity galaxies in the central region, corresponding to the 
NW subclump identified in the two-dimensional analysis 
of Sect. 3.3. The fourth galaxy (no. 81) lies at the SE of 
the cD galaxy. 

As for the interpretation of spectra, the only detected 
e~galaxy is very blue (the bluest within this sample) 
as generally found for starburst models. Nine of ten a- 
galaxies are classified as blue according to our definition 
(see Fig.O. Thus their spectra can be explained by "post- 
starburst" models which reproduce strong US EW and no 
significant emission lines in a quiescent phase soon after 
a starburst (about between a few Myr and 1.5 Gyr; e.g., 
Poggianti et al. ll999|l . Alternatively, strong B.6 EW could 
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Fig. 11. Residual map of the elliptical Beta model fit (see 
text) . Solid and dotted contour lines indicate regions with 
positive and negative residuals, respectively. Ellipses rep- 
resent the structures detected by Wavdetect. 



be obtained during a period of 1 — 2 Gyr which follows 
the halting of the star formation after a 1 Gyr period of 
constant star formation (Morris et al. 1998). 

Galaxy no. 81 shows the strongest US EW, and it is 
therefore spectroscopically classified as 'a'. However, it 
also shows evidence of mild [Oil] emission, EW ~ 3 A. It 
would have been classified 'e(a)' in the scheme of Poggianti 
et al. H1999fl . The galaxy coincides with one of the X- 
ray peaks, identified at the smallest wavelet scale. The 
X-ray emission could therefore be point-like, and con- 
sistent with emission from an AGN. The lack of strong 
emission lines could be explained if there is substantial 
dust obscuration. This interpretation is consistent with 
the fact that e(a) galaxies are generally associated with 
dusty star-forming galaxies (Poggianti et al. [1999,1 . The 
AGN emission should then be re-emitted in the infrared 
(IR). Although galaxy no. 81 was not detected at 15 /im 
with ISOCAM by Barvainis et al. ifTM^ . one can see m 
Fig. 4 of Barvainis et al. H1999|l low-level isocontours of 
mid~IR emission centered on this galaxy. Given that their 
rms noise level is « 0.11 mJy, and their faintest detected 
source has a 15 /im flux density of 0.53 mJy, the 15 /im 
flux density of galaxy 81 should be ^ 0.4-0.5 mJy. 

Of the 5 mid-IR sources detected by Barvainis et al. 
H1999|l in the field of A2219, three are in our spectroscopic 
sample. These are the galaxies no. 42, 45 and 72 (respec- 
tively no. 1, 2, and 3 in Barvainis et al.'s Table 1). Only 
galaxy no. 42 is a cluster member. The other two are fore- 
ground galaxies. Galaxy no. 42 is an a-type galaxy, with 
an US EW ~ 8 A. Its spectr um shows evidence of a mild 
[Oil] emission, EW ~ 3 A. It would have been classified 
'e(a)' in the scheme of Poggianti et al. I|1999|l . The flux in 
the [Oil] line can be used to compute the star formation 
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Fig. 12. Temperature map of A2219. The cluster area is 
divided in eight numbered sectors (top panel). Sectors are 
superimposed to the contour levels of the Chandra image. 
Ellipses show the four structures detected in the X-ray 
image. The graph in the bottom panel shows the temper- 
ature computed in each sector. 



rate of the galaxy, using the relation of Kennicutt H1998|l . 
We find SFR ~ 2 ± 1 /j-^ yj.-i^ 

We have examined the optical-mid-IR spectral en- 
ergy distribution (SED) of galaxy no. 42, by com- 
paring the observed data (taken from Barvainis et 
al. with the GRASIL models of Silva et al. 

(fggS'). The GRASIL model takes into account the 
effects of several kinds of dust particles on the re- 
processing and obscuration of the stellar radiation 
(see: "http: / / web.pd.astro.it /granato / grasil/grasil.html') . 
We find that the observed SED of galaxy no. 42 is best- 
fitted by a model of a young (3 Gyr-old) early-type spi- 
ral, with significant ongoing star formation (see Fig. I15|l. 
The best-fit model SED is used to compute the galaxy 
total IR luminosity, ~ 410^'^ Lq. The galaxy star 
formation rate, SFR, is derived from the total IR lumi- 
nosity using the relation of Kennicutt 1,1998J . We obtain 
SFR ~ 7.5 ± 0.9 h^'^ Mq yi'^. This value is about 4 times 
higher than the estimate we obtain from the [Oil] line flux. 
This is expected because of significant dust extinction at 
short wavelengths. As a matter of fact, from the best-fit 
model SED we estimate that dust extinction reduces the 
flux in the [Oil] line by a factor ~ 3. 
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Fig. 13. Softness ratio map of A2219 (see text). 
Superimposed to the map are the eight sectors (see 
Fig. I12|l . Dashed cUipses are the structures detected in 
the X-ray image and crosses show the positions of the 
cluster members. 

We conclude that galaxy no. 42 is a dusty star-forming 
galaxy, rather than a post-starburst galaxy. We thus find 
that both e(a) galaxies of our sample are dusty, active 
galaxies, a finding that supports the interpretation given 
by Poggianti et al. (1999J for these kind of galaxies. 

With our spectral classification of a subset of A2219 
galaxies, we can try to shed light on the nature of the 'blue' 
galaxies which are responsible for the Butcher-Oemler 
(BO, hereafter) effect (Butcher & Oemler [THZHl • We have 
translated the original Butcher & Oemler's definition of 
'blue' galaxies to the cluster redshift and the B and R fil- 
ters, by using the tables of Fukugita et al. H1995|) . and tak- 
ing into account the Galactic absorption in the direction 
of A2219 (as given in the NASA Extragalactic Database). 
The dotted lines in Fig.ddelimit the region of the colour- 
magnitude diagram where the BO galaxies are located. 
One can see that the BO population is of a mixed na- 
ture. First, there is a substantial amount of field galaxies, 
of all spectroscopic types. Among BO cluster members, 
the dominant population is that of a-type galaxies. As we 
have shown, two of these a-type galaxies are in fact dusty 
active galaxies, rather than pure post-starburst objects. 
We thus conclude that the BO population of blue galaxies 
in the cluster A2219 is mostly composed of galaxies having 
experienced a recent starburst. In some of these galaxies 
the star-forming activity is not over yet, although partly 
hidden by dust. 

As for radio galaxies in the cluster, Bacchi et al. H2(j(J35 
confirm the presence of three radio galaxies at the cluster 
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Fig. 14. Spatial distribution on the sky of 113 cluster 
members. Large symbols denotes spectroscopic classified 
galaxies: circles, triangles, squares, and stars indicate k-, 
i-, a-, and e-galaxies, respectively. 
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Fig. 15. Optical-mid IR spectral energy distribution of 
galaxy no. 42. The best-fit GRASIL model is also shown 
(solid tree). 



center of A2219 (see Owen et al. I1992|l identified in our 
catalogue with no. 51, 77, 85 (i.e. S3, S4, and S6 respec- 
tively in Fig. 9 by Bacchi et al. I2()()3|l . The northernmost 
galaxy no. 77, which lies in the low-velocity tail of the 
cluster velocity distribution (v = 62364 km s~^), shows 
a tailed structure pointing towards NW direction, with a 
sharp bend towards the NE (see Owen & Ledlow ri997|l . 
The galaxy no. 85 is the second brightest galaxy of the 
cluster (~ 17 R mag) and lies at < 1' SE separation from 
the cD galaxy. 
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6. Discussion and conclusion 

We analyze the internal dynamics of A2219 on the basis 
of spectroscopic data for 132 galaxies in a cluster region 
of ^ 5' (~ 0.8 h'^ Mpc at the cluster distance) cen- 
tered on the cD galaxy. Out of 132 spectra, 27 galaxies 
come from new observations carried out at the TNG. We 
find that A2219 appears as a peak in the velocity space at 
z = 0.225, and select 113 cluster members. The investiga- 
tion of the dynamical status is also performed by using X- 
ray data stored in the Chandra archive. Further valuable 
information comes from other bands - optical photomet- 
ric, infrared, and radio data - which are analyzed and/or 
discussed, too. 

The value we obtain for the line-of-sight velocity dis- 
persion CTv ~ 1400 km s^^ is in the high-tail of the 
distribution of cluster velocity dispersions (see Fadda et 
al. Unnni Mazure et al. Girardi & Mezzetti IM7T|l . 

This global value of is consistent with the average 
value of Tx ~ 10 keV coming from the X-ray analysis 
(/3spcc=1-101q see also Fig. ^ and with the value of 
Lx(0.1 - 2.4 keV) ~ 5 h^^ gj.g g-i (Ebeling et al. 
I1996|l . converted in ix.boi ^ 2 • 10'*^ erg s~^ (see Lx- 
av relation by, e.g., Wu et al. 119991 and Girardi & Mezzetti 

iwni . 

Therefore, on the basis of global properties only, we 
would conclude that A2219 is not far from the dynamical 
equilibrium and would trust the large virial mass estimate 
Af(- 2.2/1-1 ^p^,) _ 2.8 X 10^5 /i-i Mq . However, the 
high values of CTv, Tx, and Lx could be due to the expected 
increase during a cluster-merging phase (e.g., Schindler & 
Bohringer [innSI Schindler & Miiller ITOMjl . Their agree- 
ment could be a mere coincidence, and our virial mass 
estimate an overestimate of the true value. 

We find observational evidence that the cluster is 
not dynamically relaxed. Our optical and X-ray analy- 
ses show that A2219 is elongated in the SE-NW direc- 
tion. This elongation is seen in: the spatial distribution of 
the colour-selected likely cluster members; the shape of 
the cD galaxy; the X-ray contour levels of the Chandra 
image; the gradient in the velocity dispersion and in the 
X-ray temperature. In particular the cUipticity of X-ray 
isophotes is significantly higher than and corresponds 
to an axis-ratio=0.66, which is much lower than the usual 
value for galaxy clusters (median axis-ratio with 99% c.l. 
errors=0.82l[J;j]2 from Mohr et al. 1995,) . Note that Dahle 
et al. H2002|l found that the mass distribution of this clus- 
ter recovered from a weak lensing analysis appears even 
more elongated than the light and galaxy number density 
distribution. 

Very interestingly, the optical data show a somewhat 
smaller PA than X-ray data ('-^ 110° and ~ 130°, respec- 
tively) . A different direction in the elongation of light and 
hot gas distribution could be the result of a cluster merger 
in an advanced phase as shown by numerical simulations 
where collisional and collisionless components react in dif- 
ferent way (e.g., Ricker & Sarazin lMITl Schindler IMl^ . 
In fact, the evidence of an ongoing merger in the cluster 



core was first suggested by Small et al. H1995|l to explain 
the difference they find in the orientation of the mass and 
gas distributions (PA=115 and 128 degrees), as obtained 
from gravitational lensing analysis and ROSAT/HRI X- 
ray data, respectively. 

As for the presence of the velocity gradient roughly in 
the E-W direction, this suggests that the structures are 
moving into the plane of the sky at ~ 45° (e.g., Quintana 
et al. 119961 Roettiger & Flores IMiUjl . In fact, intermedi- 
ate angles are the most suitable to allow detection of the 
cluster elongation and contemporary the velocity gradient 
during a merging phase. 

The hypothesis of an advanced-phase merging is also 
supported by the lack of a cool center in the cluster (see 
also Allen & Fabian . 1998^) , as expected since strong cluster 
mergers disrupt the cool cores (Peres et al. 119981 Roettiger 
et al. 11996(1 . and the existence in the core of several star- 
forming or post-starburst galaxies, whose activity could 
be produced by the cluster merger (e.g., Bekki^999). In 
particular, three of these active galaxies are part of the 
filament at NW of the cD, also visible as a cool component 
in the X-ray softness ratio map (see Fig.|Sland Fig. IT^. 
suggesting that this structure might be already involved 
in a merger event. Moreover, the shape of the radio tail of 
the radio galaxy no. 77 indicates that the velocity of this 
galaxy was originally pointing towards the cluster center 
(cD galaxy) , but has rather suddenly changed the motion 
direction, probably because of the cluster merger. 

The structure we find in the cluster core could be re- 
lated to the cluster merger, too. Considering optical data, 
the Dressler-Schectman test shows the possible existence 
of a substructure located at SE, very close to the cD 
galaxy. As for X-ray data, our wavelet multi-scale analysis 
puts in evidence three significant emission peaks located 
within 1' from the cluster center. Of these, two peaks are 
possibly connected to intrinsic X-ray emission from the 
cD and the active galaxy no. 81, but no optical counter- 
part is found for the third, intermediate peak. Our wavelet 
X-ray analysis also detects an external diffuse substruc- 
ture located 2' SE of the cD galaxy. We suggest that this 
structure is a premerging clump. In fact, it coincides with 
the cold SE X-ray region and thus could be well explained 
by the two-dimensional superposition of a cold clump in 
the foreground of the main cluster. The presence of this 
foreground clump could also explain why, on average, the 
velocity at the East is lower than in the West since at least 
for some galaxies the low velocity is of cosmological rather 
than of kinematic origin. These anomalous low velocity 
galaxies could also produce a spurious enhancement of the 
observed velocity dispersion in the SE region (see Table 2) . 
A population of very close foreground galaxies could also 
explain why very red galaxies strangely differ from not- 
very red galaxies both in kinematic and spatial properties 
(see Sect. 3.3). In fact, while the former are really asso- 
ciated with the main structure of A2219, the latter could 
be mixed with the clump members, i.e. a population of 
foreground - and thus less red - galaxies. Unfortunately, 
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we have very poor redshift information in the SE region 
to confirm our hypothesis and identify clump members. 

On a much larger scale, the cluster is not so well iso- 
lated in the redshift space, and a next possible merging 
clump might be the one at 2 ~ 0.19 (see Fig.|2l. 

Summarizing the above evidence, we suggest a com- 
plex merging scenario for A2219 involving many clumps, 
possibly in different dynamical states. We suggest that the 
main, original structure (hosting the cD galaxy) is sub- 
ject to an ongoing merger with few clumps aligned in a 
foreground filament obliquely oriented with respect to the 
line-of-sight; the filament projected on the sky lies in the 
SE-NW direction. In this scenario, the merging with one 
or more clumps are already in a very advanced phase, well 
after the first core passage, while one or more clumps are 
still in a pre-merging phase. 

In the context of the above scenario, we argue that 
the presence of a radio-halo in A2219 is related to the 
existence of an ongoing, very advanced phase of merging 
between the main cluster and one or more groups. In fact, 
the elongation of radio map contours (see Fig. has 
the same direction of the X-ray surface brightness con- 
tours. Moreover, the time necessary to re-accelerate the 
electrons producing the radio-halo as a consequence of 
the cluster merger (~1 Gyr) is comparable to that needed 
to obtain post-starburst spectral signatures in galaxies of 
which A2219 is rich (see Sect. 5). 

In conclusion, our scenario supports the view of the 
connection between extended radio emission and merging 
phenomena in galaxy clusters. 
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